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This dissertation focuses on the development of four kinds of nanomaterial based 
detection probes. The scope of such detection probes refers to the area of fluorescence, 
surface-enhanced Raman scattering (SERS), and optics. The dissertation described the 
design and application of these detection probes. 
The dissertation can be divided into five chapters. Specifically, chapter 1 
reviewed current nanomaterial based detection probes, and relative newly developed 
techniques. At the end, motivation and design of the dissertation were addressed. In 
chapter 2, dimmers of Ag nanospheres were employed as SERS tags to detect cancer 
biomarker. The detection limit of such SERS tag was 5-8 times lower than the 
conventional tags using single nanospheres. In chapter 3, gold nanocages based 
enzyme-sensitive probe for detection of protease activity was discussed. The detection 
sensitivity could be maximized by using gold nanocages with a localized surface 
plasmon resonance peak away from the emission peak of the dye. Setting MMP-2 as a 
model target, the diction limit could reach 0.72 ng/mL. In chapter 4, Europium 
chelates loaded silica nanoparticles were used as probes in lateral flow immunoassay 
(LFIA). The new LFIA was validated by detecting hepatitis B surface antigen 
(HBsAg) and choloramphenicol (CAP). The detection limits for HBsAg and CAP was 
determined to be 34.5pg/mL and 0.1ng/mL, respectively, which were more sensitive 
than other FLIAs reported. Chapter 5 is “preparation of HRP-SiO2 nanoparticle and 
their use in enzyme-linked immunosorbend assay (ELISA)”. The probe was prepared 
through layer-by-layer immobilization of enzyme and antibody on a silica 
nanoparticle scaffold, which provided a much higher signal and increased sensitivity. 
The detection limit for HBsAg was three times lower than that of the commercially 
available ELISA kit. CAP was also successfully detected, as the example of 
competitive ELISA mode with high sensitivity. 
In conclusion, four kinds of detection probes were rationally designed and used 
in detection of the standard solution and real samples. Considering their high 
sensitivity, rapid running, and easy-to-use, it is expected that such novel detection 
probes presented here may serve as promising candidates for both analytical and 
biomedical detection. 
 




































































































































































































图 1.1 增强拉曼探针检测的夹心法免疫检测模型（引自 Porter 等） 










图 1.2 金纳米增强拉曼探针检测肿瘤细胞示意图（引自 Yoon-Sik Lee 等） 























成功地应用于小鼠的活体检测，如图 1.3 所示： 
 
 
图 1.3 基于金纳米增强拉曼探针检测小鼠肿瘤示意图（引自 Nie 等） 
Figure 1.3. In vivo detection of cancer tumor using a Au SERS probe (from 
Nie et. al.) 
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